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Abstract 

Introduction and aim of the article. Healthy skin is an excellent barrier maintaining balance between the internal 
and external environment of the body. Because it is constantly changing as a result of, on the one hand, environ- 
mental factors and, on the other hand, the process associated with skin aging, it requires many nutrients and 
minerals that help maintain its homeostasis. The aim of this dissertation is to discuss the most commonly used 
ingredients in dietary supplements that improve the appearance and quality of the skin. Brief description of the 
state of the art. Quick pace of life, unbalanced diet and stress make it impossible to provide all the necessary 
components, which affects the proper functioning of the skin. That is why, the interest in dietary supplements as 
products that help to reduce the deficiencies of individual components is increasing. Supplements that affect the 
skin, hair and nails mainly consist of: vitamins C, E, A, B-vitamins, micro- and macronutrients and fatty acids. In 
this paper, some of the ingredients of skin affecting dietary supplements are discussed. A varied and proper diet 
should provide all the nutrients necessary for the correct functioning of the body. Dietary supplements are intended 
to supplement the normal daily food intake of nutrients which are not supplied with food in a sufficient quantity. 
Therefore, their use becomes relevant. 
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Introduction 

Proper nutrition is a direct factor affecting well-be- 
ing, health and proper skin condition. The human skin 
is subject to constant change, which is why dietary sup- 
plements can complement the normal diet by providing 
properly balanced nutrients [1]. The concept of a normal 
diet should be understood as a customary diet consisting 
of traditional foods. Therefore, it must contain a variety 
of ingredients, that is vegetables, fruits, whole grains, 
legume products, dairy products, fish and lean meat. 
Diet should provide all the nutrients in quantities that 
meet established and recommended standards, which 
are based on generally accepted data. Survey results in- 
dicate, however, that the diets of the European Union 
population do not satisfy the requirements for all nutri- 
ents. Therefore, there appeared an increased demand for 
creating a new kind of food products, which are intend- 



ed to supplement the diet with the necessary nutrients. 
Beyond the nutritional value, functional foods contain 
health-promoting components with proven beneficial 
effects on one or more functions of the organism. They 
improve health and well-being and/or reduce the risk of 
developing numerous diseases [2]. It should be borne in 
mind that an excessive intake of vitamins and minerals 
can cause adverse health effects [3]. 

In Western Europe and the U.S. the market for func- 
tional foods, which also includes supplements, has been 
operating for a significant period of time. In Poland the 
term "dietary supplement" has appeared recently [4]. 

A dietary supplement is a consumable product, which 
aims at supplementing the normal diet. It constitutes 
a concentrated source of vitamins or minerals, or other 
substances with a nutritional or other effect [5]. In many 
cases, the use of dietary supplements is an action justi- 
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Table 1. The classification of dietary supplements, except vitamins and minerals (prepared by the authors) 



Dietary supplements 


Example substances 


Am ino acids 


L-arginine 


Enzymes 


Lactase 




Papain 


Prebiotics and probiotics 


Inulin 




Lactobacillus acidophilus 




Bifidobacterium species 




Yeast 


Fccpntisl nnn-^sti i r^itpH f^tt\/ ^riH<; 

LIOCIILICIl MUM QLCU IClLLy 


■v-l innlpnir sriH 

■■ L 1 1 1 {J \ C 1 1 1 ^_ CI 1 <A 




Fish oil (D HA/EPA) 




Flaxseed oil {L'tnum usitatissimum) 




Borage seed oil {Borago officinalis) 


Plant-origin ingredients 


Aloe (Aloe vera) 




(^ink'CJn (flinknn hilnhri) 




kjiiiiciig yruitUA yinjtztiy) 




Garlic (Allium sativum) 




VJICCII LCa CALIaLL ! ttzlllll jIIICIIjIjJ 




n^irinia ramhnpia pxtrart 
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Other substances: 


Lycopene 




Lutein 




Coenzyme Q10 




Taurine 




Carnitine 




Inositol 




Glucosamine 




Chitosan 




Spirulina 




Soy isoflavones 



fied and recommended by experts. This applies to people 
who demonstrate a shortage of nutrients in the organ- 
ism due to a disease or other physiological condition 
that prevents proper coverage of individual components 
[6, 7]. Currently, in Poland there has been an increase in 
the popularity of consumption of dietary supplements in 
a variety of social groups [8, 9]. It is often associated with 
the opinion that due to the food processing technology, 
food products are devoid of nutrients; but there exists 
also a large group of people who want to improve the 
appearance of their skin, nails or hair [10], 

No specific regulations regarding the ingredients of 
dietary supplements, other than vitamins and minerals, 
make the market of these products considerably diver- 
sified [11]. According to a report of the European Com- 
mission [12], the number of substances used in the man- 
ufacture process of dietary supplements is about 400; 
50% of the dietary supplement market in the European 
Union are vitamins and minerals. In addition to vitamins 
and minerals, other supplements can be classified in six 
categories [12] (Table 1). 

Bearing in mind both benefits and possible side ef- 
fects of dietary supplementation, the decision to start 
treatment with the use of these products should be 
preceded by consultation with a specialist - a doctor or 



a nutritionist. The time of the treatment should be limit- 
ed until the resolution of identified deficiencies [13]. 

Aim 

The aim of the study is to analyze the most common- 
ly used ingredients in food supplements, which improve 
the appearance and quality of the skin. 

A group of dietary supplements which is developed 
for beauty care is called nutricosmetics or nutraceuticals. 
These are individual diet components, as well as addi- 
tives, food products and dietary supplements, the con- 
sumption of which provides greater health benefits than 
those resulting from the diet [14]. They include, in partic- 
ular, vitamins A, E, C and group B vitamins, horsetail, iron, 
copper, phosphorus, L-methionine, manganese, borage 
seed oil and eicosapentaenoic acid (EPA) and docosahex- 
aenoic acid (DHA) acids [15]. On the other hand, in the 
products for hair and nails, zinc, silicon and calcium are 
additionally present. Supplements also include neutral- 
izes of free radicals, thereby slowing the aging process. 
In addition to vitamins E and C those are, for example 
carotenoids, flavonoids, lycopene and coenzyme Q10. 
Preparations that are designed to improve skin firmness 
and reduce cellulite include, among others, substances 
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which enhance collagen and elastin fibers, such as iso- 
flavones (called phytoestrogens) that mimic the action 
of estrogen, female sex hormones. Nutricosmetics and 
other dietary supplements' manufacturers ensure their 
high efficiency. However, before using supplements, it is 
advised to read components of the product. It is worth 
noting that some dietary supplements were named as 
such only to enhance their attractiveness. One should 
turn one's attention to the information if the effective- 
ness of the medicament is confirmed in clinical trials 
because they are to distinguish nutricosmetic products 
from other dietary supplements [16]. 

Flavonoids 

Phytoestrogens are plant compounds having similar 
effects to estrogen. In dietary supplements, isoflavones 
are mainly used. They are derived mainly from soybeans 
and other legumes, lignans (found in flaxseed oil) and 
coumestans found in sunflower seeds and bean sprouts 
[16]. Flavonoids (polyphenols), including phytoestrogens, 
are increasingly used in menopause to delay the signs of 
skin aging. It was also shown that the use of phytoestro- 
gens has a beneficial effect on the serum lipid profile. 
It is thought that they reduce the risk of cardiovascular 
diseases in postmenopausal women. Furthermore, these 
compounds positively affect bone metabolism, mucous 
membranes and skin; also effectively relieve menopausal 
symptoms [17-19]. 

Coenzyme Q10 

Another compound with strong antioxidant properties 
is coenzyme O10 or ubiquinone. It is a widely distributed 
system in nature, hence its name - that is Ubitarius mean- 
ing ubiquitous. It occurs both in animal and plant worlds 
and among microorganisms. This compound is found in 
every living cell of an organism. It plays an important role 
in the mitochondria, where during the oxygen combustion 
process energy is formed. The body aging process is a re- 
sult of mitochondrial damage caused by free radicals. This 
can lead to a significant impairment of the heart muscle, 
brain, and liver [20], Too small concentration of ubiqui- 
none may initially manifest itself as a chronic fatigue syn- 
drome, then lead to the dysfunction of the organs affected 
by its shortage. Coenzyme Q10 activates defense mecha- 
nisms, protects body cells from oxidation, and stimulates 
metabolism and regeneration. It accelerates cell renewal 
and delays the aging process. Due to its characteristics it 
is often referred to as the elixir of youth [4]. 

Probiotics 

Clinical studies have demonstrated beneficial effects 
of probiotics in diseases of the gastrointestinal tract (ir- 
ritable bowel syndrome, inflammatory bowel disease, 



diarrhea) and allergic diseases (atopic dermatitis). They 
also show an increased resistance of the immune system 
(immunomodulation) [21]. 

Atopic dermatitis (AD) is a chronic, recurrent inflam- 
matory dermatosis. This disease is characterized by le- 
sions of a typical location of eczema and pruritus. AD 
pathogenesis is not fully discovered. An important role 
in eliciting changes in AD plays exposure to external and 
environmental factors. These factors stimulate the im- 
mune system to allergic response [22, 23], Research on 
the use of probiotics in the prevention and treatment 
of atopic dermatitis was conducted by independent 
research centers, including a Finnish team and a Czech 
team. The Finnish group gave young children allergic to 
proteins of cow milk, protein hydrolysates containing 
strain Lb. rhamnosus GG. The results were presented on 
a SCORAD (Scoring Atopic Dermatitis - atopic dermati- 
tis severity index) scale. SCORAD index reduction was 
observed in the group receiving probiotics for 1 month. 
Strains of Lactobacillus rhamnosus GG and Bifidobacte- 
rium animalis subsp. lactis Bb-12 were administered in 
compounds of protein hydrolysates. After 2 months, the 
SCORAD index was reduced in both groups compared to 
the control group. These studies have contributed to the 
increased interest in probiotics for the treatment of AD 
[24, 25]. In other studies, Lactobacillus rhamnosus GG 
was given to pregnant women with a history of atopic 
dermatitis, once a day for 2 to 4 weeks before delivery. 
After delivery, the probiotic was still administered to 
both mother and child over a period of about 6 weeks. 
The study, which was randomized, was conducted with 
placebo-controlled and double-control sample, including 
159 women and infants. The effect of probiotics on the 
incidence of allergy was assessed after 2 and 4 years. In 
the second year of life in the group taking probiotics, AD 
occurred twice less often compared to children taking 
placebo. In the fourth year of life, the incidence of AD 
in the population treated with probiotics remained re- 
duced. The disease was diagnosed in 47% of children in 
the control group, compared to 26% of children receiving 
the probiotic [26, 27]. 

Horsetail 

Horsetail has an antibacterial, remineralizing and re- 
generating effect. It is a rich source of flavonoids, potassi- 
um, and silicon. Large amounts of these components are 
necessary for the proper functioning of rapidly growing 
tissues: epidermis, hair and nails [16]. The level of silicon 
in the body decreases with age, which results in nail and 
hair brittleness and decreased resistance to fungal and 
bacterial infections. It participates in the biosynthesis of 
collagen, which is the main component of connective tis- 
sue. In addition, it strengthens the walls of blood vessels, 
which become more flexible, reducing their permeability 
and accelerating the wound healing process [28]. 
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Aloe 

Aloe vera is used to treat a number of diseases, in- 
cluding dermatological disorders, as well as in the pro- 
duction of cosmetics. Aloe vera gel, extracted from the 
pulp of the leaf, is used both internally and externally 
as a topical anti-inflammatory agent and accelerant of 
wound and burn healing [16]. It has been shown that aloe 
gel reduces blood glucose levels in diabetic patients, re- 
duces lipid levels in patients with hyperlipidemia, and 
inhibits the secretion of pepsin and hydrochloric acid, 
which prevents formation of stomach ulcers [29]. Clinical 
studies have proven that aloe vera gel significantly re- 
duces wrinkles, increases skin elasticity and procollagen 
production [30]. The use of extracts from aloe vera helps 
to maintain proper skin hydration, and may be effective 
in the treatment of dry skin [31]. 

The use of aloe sensitizes to UV radiation. Therefore, 
after exposure to UV inflammatory reactions of the skin 
and permanent discoloration may occur. There may also 
appear other side effects: nausea, dizziness and head- 
aches, tingling in the ears, high blood pressure, insomnia, 
memory loss, rashes, and more. Toxic effects of aloe vera 
on the liver have been documented, causing inflamma- 
tion, which resolved after discontinuation of oral aloe 
vera preparations [29], 

Tea tree oil 

Tea tree oil {Melaleuca alternifolia) is a very com- 
monly used ingredient in cosmetics for oily skin. It indi- 
cates a very broad spectrum of antimicrobial activity and 
acts anti-inflammatory. The distinctive smell of tea tree 
oil can be eliminated by encapsulating in cyclodextrin, 
which may also cause a slower release of the essential oil 
(up to 12 h) [32]. Rosalina oil (Rosalina Oil Australia) can 
also be used. It may be known as the oil of lavender tea 
tree (Melaleuca ericifolia), which has similar properties 
to tea tree oil. The advantage of lavender oil tea tree is 
its fresh, floral scent of lavender. The main component of 
this oil, similarly to the tea tree oil, is linalool. Leptosper- 
mum scoparium (a tea tree from New Zealand) - manuka 
belongs to the myrtle plant family (Myrtaceae). Numer- 
ous varieties of this species are known for their healing 
properties. Manuka bush may be found in Australia, New 
Zealand and the surrounding islands. Thanks to the anti- 
bacterial properties of manuka oil and manuka bush wa- 
ter-soluble extract it is considered a suitable raw materi- 
al used in sensitive and oily skin cosmetics. Also, honey 
derived from the manuka bush flowers can be used for 
facial skin care. Currently in Australia, a manuka honey 
extract (Leptospermum) is produced that can function as 
a cosmetic raw material. Manuka honey affects the os- 
motic pressure, which allows for maintaining the skin's 
water balance, inhibiting the growth of microorganisms. 
Manuka honey extract is a very good resource for combi- 
nation skin care [32-34]. 



Vitamin E 

Because of its strong antioxidant properties, vita- 
min E is considered to be one of the main compounds 
that protect the body against oxidative stress. It may 
participate in the first line of defense against reactive 
forms of oxygen species (ROS) efficiently quenching sin- 
glet oxygen. Thus, it does not react with polyunsaturated 
fatty acids residue, which exists in phospholipids of cell 
membranes. Moreover, the reactions of lipid peroxida- 
tion and free radicals generation are inhibited [35]. In the 
second line of defense, vitamin E reacts with lipid perox- 
ide free radicals, inactivating them and inhibiting both 
their production and the string of their chain reactions 
that damage the cells [35-43]. Preventing the oxidation 
of polyunsaturated fatty acids, vitamin E substantial- 
ly prevents the development of atherosclerosis. It also 
stimulates the synthesis of antithrombotic substances, 
reducing the risk of microthrombus. Moreover, it provides 
adequate stability and permeability of cell membranes 
and prevents macrocytic anemia in children. Vitamin E 
also protects red blood cells during their transportation 
of oxygen. Supporting the process of cellular respiration 
it affects the proper functioning and maintenance of high 
muscle efficiency. That is why athletes are recommended 
to consume products that contain a substantial amount 
of vitamin E. It is also essential for proper sperm pro- 
duction in men [39, 44]. Vitamin E deficiency may create 
keratoses and premature skin aging, difficulty in wound 
healing, impaired ability to concentrate, irritability and 
impaired fertility [35]. 

Vitamin C 

Vitamin C is the main antioxidant of aquatic organ- 
isms. It is an essential cofactor in numerous processes of 
systemic biosynthesis. As a substance transferring elec- 
trons, it participates in metabolic processes. Moreover, it 
contributes to the biosynthesis of collagen, accelerates 
wound healing, bedsore healing and setting bones. It par- 
ticipates in the metabolism of fats, cholesterol and bile 
acids. Vitamin C is involved in the biosynthesis of adre- 
nal hormones. It facilitates the absorption of non-haem 
iron and participates in erythropoiesis [35]. In addition, 
the immune-stimulating properties of vitamin C and its 
bacteriostatic properties are stressed [43, 45-48]. In ad- 
dition, vitamin C affects the skin immune system - SIS, 
which performs an important function in the defense of 
the body. Its proper operation protects the body against 
various external pathogens, eliminates virus-infected 
cells and cancer cells. Vitamin C deficiency resulting 
from improper diet or severe consumption in the course 
of a disease can manifest itself by: disturbances in the 
production of collagen and the consequent increase in 
bone fragility, slower wound healing, capillary fragility, 
the possibility of microhemorrhages formation in various 
organs, reduced resistance to infections, myalgia and fa- 
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tigue, apathy and lack of appetite, occurrence of scurvy, 
manifested by swelling and bleeding of the gums and 
teeth falling out [35,49]. 

Carotenoids, retinoids 

Free radicals under the influence of oxidative stress, 
which is induced by the effect of ROS activity, damage 
the structure and functioning of nucleic acids, lipids, 
proteins and carbohydrates. Consequently, this process 
can lead to mutations and such diseases as cancer, car- 
diovascular, respiratory, certain diseases of the eye and 
may speed up the aging process of the body [50]. To 
defense itself against ROS the body uses its own anti- 
oxidant system (enzymes, endogenous antioxidants), 
as well as antioxidants consumed in diet. The natural 
antioxidants, which are to be provided with daily food, 
are carotenoids [51, 52]. These are widespread polyene 
vegetable dyes, which - apart from chlorophyll and an- 
thocyanins - a group of the most important and the 
most frequently occurring pigments in nature. Humans 
and animals do not have the ability to synthesize carot- 
enoids de novo and carotenoids must therefore be deliv- 
ered to the human organism with food or in the form of 
pharmaceutical preparations [51-54], Currently, there are 
numerous preparations containing carotenoids and their 
number is steadily increasing. Until 2002, in Poland there 
were available preparations containing only p-carotene, 
to a large extent designed to protect the skin from UV 
rays. There was no registered preparation containing lu- 
tein, zeaxanthin, astaxanthin or lycopene [51]. On a large 
scale, such preparations appeared worldwide in the ear- 
ly 90s. Analysis of the market in terms of availability of 
preparations containing lutein and zeaxanthin conduct- 
ed in 2006-2007 demonstrated the presence of about 
50 preparations containing lutein, in that 12 also con- 
taining zeaxanthin [55]. At present, there exist more than 
twice more. The increasing popularity and use of carot- 
enoids in pharmaceutical medicaments and the growing 
interest in their use in the prevention and treatment of 
diseases requires turning our attention to the dosage 
from the point of view of safety. The only documented 
side effect of high doses of supplements containing ca- 
rotenoids was reversible hyperpigmentation of the skin. 
The Institute of Medicine of the National Academy of 
Science in the United States, however, recognized this 
condition as a minor biological effect of a high intake 
of carotenoids, reversible upon discontinuation of their 
use [56]. Despite the enormous interest in carotenoids, 
as well as the observed increase in the public consump- 
tion of dietary supplements and products enhanced 
with these compounds, no norms of daily demand have 
been established [57, 58]. Under certain conditions, high 
doses of carotenoids, exceeding several times the usual 
intake in diet (for example at a high partial pressure of 
oxygen in cells) may have a prooxidative effect, being the 



promoters of free radicals formation. Furthermore, the 
products of oxidation of p-carotene may interfere with 
the transmission of signals and activate the cytochrome 
P450 enzymes and, thereby, promote tumor creation pro- 
cesses. Based on previous studies, it is not advised for 
cigarette smokers and asbestos-exposed people to use 
high doses of carotenoids, particularly p-carotene orig- 
inating from supplements [50]. 

The fat soluble retinoids penetrate well into the stra- 
tum corneum, but to a small extent into the dermis. They 
accelerate the renewal of epidermis, exhibit a normaliz- 
ing effect in keratinocyte differentiation processes and 
affect the control functions of the skin [59]. Retinoids 
affect processes such as protein synthesis, cell metabo- 
lism and cell division. In epidermis, retinoids may affect 
the secretion of transcription factors and growth factors. 
They are responsible for the proliferation of cells in the 
Malpighian layer of epidermis and stratum corneum ex- 
foliation. The results of improving the structure of the 
stratum corneum are strengthening the protective func- 
tion of the skin and reducing transepidermal water loss 
[57]. Retinoids increase the production of collagen and 
elastin in the layers of the skin. They stimulate the reac- 
tion of low activity fibroblast transformation into a cell 
characterized by a relatively high production of collagen. 
The growth in the number and activity of fibroblasts has 
a positive effect on the state of dermis, improving firm- 
ness, elasticity and hydration of the skin [61]. 

Unsaturated fatty acids 

Omega-3 fatty acids found in fish oil and meat (mack- 
erel, shark, salmon) and omega-6 fatty acids derived 
from stone plants (flaxseed oil and blackcurrant seed oil, 
grapes, pumpkins) are a valuable nutrient for the skin. 
They play two major roles in the body: provide appro- 
priate structure, flexibility and functioning of cell mem- 
branes and are essential for the synthesis of intracellular 
lipids in stratum corneum. Being the precursors of eico- 
sanoids (prostaglandins, leukotrienes, thromboxanes), 
they also have regulatory properties [62]. 

A particularly interesting type of fish oil is shark 
oil. In addition to omega-3 essential fatty acids, which 
constitute only 5% of the product, it contains a large 
amount of alkylglycerols and squalene. It has been used 
by fishermen in Sweden and Norway for the treatment of 
wounds, respiratory and gastrointestinal infections, and 
lymphadenopathy. While the compounds of polyunsatu- 
rated fatty acids omega-3 have the properties of limiting 
inflammation, compounds of squalene and alkylglycerols 
aggravate the proinflammatory response by activating 
some elements of the immune system [63]. Squalene is 
a polyunsaturated aliphatic hydrocarbon widespread in 
nature. It serves as a precursor in the synthesis of cho- 
lesterol, vitamin D and steroid hormones, as well as ex- 
hibits strong antioxidant activity due to the contents of 
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six isoprene units (vitamin A and coenzyme Q10 contain 
1 and 2 of this unit). It is synthesized de novo in humans 
from acetyl-CoA in the process leading to the synthesis of 
cholesterol. In large quantities, it may be found in shark 
liver oil and other fish oils. In small amounts, it may be 
found in olive oil, wheat germ oil, or in yeast. It has been 
proven that squalene supports the immune system, af- 
fecting the cells and tissues responsible for immunity, 
for example, lymph nodes, bone marrow, adrenal glands, 
and liver. Moreover, it also increases the activity of "["-lym- 
phocytes and macrophages and accelerates wound heal- 
ing. Squalene's immunomodulatory activity is probably 
a result its adherent properties with respect to cell mem- 
branes' elements and lipid casings of pathogens [64-66]. 

Clinical trials have demonstrated unquestionable ef- 
fectiveness of preparations containing unsaturated fatty 
acids in enhancing both innate and acquired immunity, 
accelerating healing of recurrent aphthous ulcers and 
bacterial infections, and supporting the treatment of pso- 
riasis [63, 67]. By stimulating the immune system, they 
reduce the risk of allergic diseases and cancer, as well 
as support the treatment of rheumatoid arthritis, acne 
and atopic dermatitis [68, 69]. After application offish 
oils rich in omega-3 acids in doses of 1 g/day for 30 days 
inhabitation of neutrophils, monocytes, and lymphocytes 
function followed. As a result, weakening the immune 
reactions and reduction of the inflammatory mediators' 
production was recognized. Supplementation of these 
preparations has led to decreasing the concentration lev- 
els of arachidonic acid and increasing the concentration 
of eicosapentaenoic and docosahexaenoic acids. In turn, 
it has limited the production of pro-inflammatory eico- 
sanoids and increased the amount of eicosapentaenoic 
acid transformation products, which have a significantly 
lower biological activity than their analogues synthesized 
from arachidonic acid [70-72]. Furthermore, there is also 
inhibition of pro-inflammatory cytokines (e.g. IL-2, IL-6, 
IL-8, IL-12) with a negligible impact on cytokines which 
limit inflammation (IL-10). It is worth noting that the 
treatment with the use offish oils does not cause side 
effects [71]. The proven effect of protection against both 
bacterial and fungal infections makes it advisable to use 
this medicament in patients with atopic dermatitis, who 
are particularly susceptible to such infections because of 
dry and impaired epidermal coetaneous barrier. Prelimi- 
nary conclusions justify the inclusion of supplementation 
offish and plant oils in patients with atopic dermatitis as 
an adjuvant to standard procedure [73]. 

Conclusions 

The best source of vitamins and micro- and macronu- 
trients affecting the skin, hair and nails, is a properly bal- 
anced diet. However, the development of food science, 
emergence of entirely new food products enriched with 
selected nutrients and dietary supplements allows us to 



take care of the body's needs in a healthy way. Therefore, 
supplements are becoming increasingly important in the 
prevention and supporting therapies of many diseases. 
It is worth monitoring and keeping a vigilant eye on this 
new and very rapidly developing food and pharmaceuti- 
cal industry. 
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